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0 Method of and apparatus for forming multi-layer film. 



@ A method of and an apparatus (K1. K2) for 
forming a multi-layer film, comprising: a thickness 
control device (19. 20. 21) for controlling an optical 
film thickness or a thickness of each of layers of the 
multi-layer film; a multi-layer film monitoring sub- 
strate (24) on which the multi-layer film is fomned; a 
measurement device (25) for measuring optical char- 
acteristics of the multi-layer film formed on the multi- 
layer film monitoring substrate (24); and a process- 
ing device (26) which processes results obtained by 
the measurement device (25) so as to feed the 
processed results back to the thickness control de- 
vice (19. 20, 21). 
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BACKGROUND OF THE INVENTION 

The present invention relates to a method of 
and an apparatus for forming a multi-layer film for 
use in an optical device, etc. 

Conventionally, monochromatic photometry or 
bicolored photometry has been employed for for- 
ming a nnulti-layer film. A known multi-layer film 
forming apparatus based on monochromatic 
photometry is described with reference to Rg. 1 . In 
Fig. 1, deposition material 183 is heated for its 
fusion by an electron beam gun 182 so as to be 
evaporated. The electron beam gun 182 is pro- 
vided in a vacuum chamber 181 which is held in a 
high vacuum state by an exhaust pump 180. Evap- 
orated particles 184 of the deposition material 183 
proceed to a substrate 1 88 mounted on a substrate 
holder 185 so as to form a thin film on the sub- 
strate 186. Meanwhile, an optical film thickness 
monitoring substrate 188 for monitoring an optical 
thickness of a thin film is provided above an ap- 
erture 187 of the substrate holder 185. The evap- 
orated particles 184 which have passed through the 
aperture 187 of the substrate holder 185 reach the 
thickness monitoring substrate 188 so as to form a 
thin film on the thickness monitoring substrate 188. 

A bundle of rays of a specific wavelength emit- 
ted from a light source 189 reaches the thin film 
formed on the thickness monitoring substrate 188 
and is reflected by the thin film formed on the 
thickness monitoring substrate 188 so as to be 
detected by a detector 190. Quantity of reflected 
light from the thin film formed on the thickness 
monitoring substrate 188 varies according to thick- 
ness of the thin film. Therefore, when quantity of 
reflected light from the thin film formed on the 
thickness monitoring substrate 188 has reached a 
predetermined value, a shutter 191 is closed so as 
to terminate deposition of the deposition material 
183 on the substrate 186 such that formation of the 
thin film of a first layer on the substrate 186 is 
completed. As a result, a necessary accuracy in 
thickness of the thin film on the substrate 186 is 
achieved. 

Subsequently, the deposition material 183 is 
replaced by another deposition material 183 and 
the thickness monitoring substrate 188 is also re- 
placed by a new one. In the same manner as the 
first layer, the deposition material 183 is heated for 
its fusion by the electron beam gun 182 so as to 
be evaporated such that a thin film of a second 
layer is formed on the substrate 186. By repeating 
such procedures a plurality of times, a multi-layer 
film is formed. 

However, the above mentioned known method 
has the following drawbacks. Namely, since thick- 
ness of the thin film formed on the substrate is 
determined in accordance with quantity of reflected 



light from or transmitted light through the thin film 
formed on the optical film thickness monitoring 
substrate, it is extremely difficult within an error of 
about 0.5 % or less to perform fiighly accurate 
5 control of thickness of the thin film formed on the 
substrate. 

Meanwhile, quantity of reflected light from or 
transmitted light through the thin film formed on the 
optical film thickness monitoring substrate varies 

JO periodically according to an optical film thickness 
of the thin film, which is equal to a product of a 
refractive index of the thin film by a thickness of 
the thin film. Thus, by employing this periodicity, 
the optical film thickness of the thin film can be 

75 controlled comparatively easily. However, when re- 
fractive index of the thin film has changed due to 
minute changes of thin film forming conditions 
such as degree of vacuum, temperature, etc., thick- 
ness of the thin film varies even if the optical 

20 thickness of the thin film is constant, so that it is 
difficult to perform highly accurate control of thick- 
ness of the thin film. 

Since specifications required of recent optical 
devices are severe, conventional accuracy in op- 

25 tical film thickness of the thin film is insufficient for 
the specifications and thus, there is a keen demand 
for a more accurate control method of thickness of 
the thin film. 

Meanwhile, even if only one layer has an im- 

30 proper thickness for some reason or other in a 
multi-layer film having several tens of layers, a 
batch of all products employing the multi-layer film 
become defective, which constitute an obstacle to 
mass production of the products. 

35 

SUMMARY OF THE INVENTION 

Accordingly, an essential object of the present 
invention is to provide a method and an apparatus 

to for forming a multi-layer film, which eliminate the 
above mentioned inconveniences inherent in con- 
ventional methods and apparatuses. 

In order to accomplish this object of the 
present invention, a method of forming a multi- 

45 layer film having N layers (N = natural number), 
according to the present invention comprises the 
steps of: forming the multi-layer film up to L layers 
(L= natural number<N) while controlling thicknes- 
ses of the L layers to respective preset values by a 

50 thickness control means; measuring optical char- 
acteristics of the L layers formed on a multi-layer 
film monitoring substrate so as to determine a 
deviation of the measured optical characteristics of 
the L layers from target optical characteristics of 

55 the L layers; performing a computation in which 
thicknesses of (L + 1 )-th to N-th layers of the multi- 
layer film are shifted from respective predeter- 
mined values such that the deviation of the mea- 
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sured optical characteristics of the L layers from 
the target optical characteristics o1 the L layers is 
reduced; and forming the (L-i-i)-th layer of the 
multi-layer film by feeding back to the thickness 
control means a thickness of the (L+1)-th layer s 
obtained by the computation. 

In addition to a conventional control means for 
controlling a thickness of each of layers of the 
multi-layer film, the apparatus of the present inven- 
tion includes a measurement means for measuring io 
optical characteristics of the multi-layer film. Thus, 
in the course of formation of the multi-layer film, 
the deviation of the measured optical characteris- 
tics of the L layers from the target optical char- 
acteristics of the L layers is detected and is fed 15 
back to film thickness control. 

Therefore, in accordance with the present in- 
vention, toe multi-layer film having higher accuracy 
and performance than prior art multi-layer films can 



BRIEF DESCRIPTION OF THE DRAWINGS 

This object and features of the present inven- 
tion will become apparent from the following de- 
scription taken in conjunction with the preferred 
embodiments thereof with reference to the accom- 
panying drawings, in which: 

Fig. 1 is a schematic view of a prior art multi- 
layer film forming apparatus (already referred 
to); 

Fig. 2 is a schematic view of a multi-layer film 
forming apparatus according to a first embodi- 
ment of the present invention; 
Fig. 3 is a graph showing optical characteristics 
of a multi-layer film whose optical characteristics 
deviate from target optical characteristics; 
Fig. 4 is a graph showing optical characteristics 
of a multi-layer film produced by the multi-layer 
film forming apparatus of Fig. 2, in which de- 
viation of optical characteristics of the multi- 
layer film from target optical characteristics is 
corrected; 

Fig. 5 is a graph showing optical characteristics 
of a multi-layer film in which thickness of one 
layer deviates from a target value; 
Fig. 6 is a graph showing optical characteristics 
of a multi-layer film produced by the multi-layer 
film forming apparatus of Rg. 2, in which de- 
viation of thickness of one layer from a target 
value is corrected; 

Fig. 7 is a schematic view of a multi-layer film 
forming apparatus according to a second em- 
bodiment of the present invention; 
Figs. 8(a) and 8(b) are schematic side 
elevational and top plan views of a multi-layer 
film monitoring substrate employed in the multi- 
layer film fomiing apparatus of Rg. 7, respec- 



tively; 

Rg. 9 is a graph showing optical characteristics 
of a multi-layer film produced by the multi-layer 
film forming apparatus of Rg. 7; 
Fig. 10 is a view similar to Rg. 8(a), particularly 
showing a first modification thereof; 
Fig. 1 1 is a graph showing optical characteristics 
of a multi-layer film produced by the multi-layer 
film forming apparatus of Fig. 7; 
Fig. 12 is a schematic view of a multi-layer film 
forming apparatus which is a second modifica- 
tion of the multi-layer film forming apparatus of 
Rg. 7: 

Fig. 13 is a graph showing change of quantity of 
reflected light with time at normal temperature in 
the multi-layer film forming apparatus of Rg. 7; 
Fig. 14 Is a schematic view showing a light 
shielding plate employed in a multi-tayer fitm 
forming apparatus which is a third modification 
of the multi-layer film forming apparatus of Rg. 
7; 

Fig. 15 is a graph showing change of quantity of 
reflected light with time at high temperatures in 
the multi-layer film forming apparatus of Rg. 14; 
25 Rgs. 16(a) and 16(b) are a top plan view and a 
side elevational view of a cooling means em- 
ployed in a multi-layer film fommng -apparatus 
which is a fourth modification of the multi-layer 
film forming apparatus of Fig. 7; and 
30 Fig. 17 is a graph showing change of quantity of 
reflected light with time in the multi-layer film 
forming apparatus of Rg. 16. 
Before the description of the present invention 
proceeds, it Is to be noted that like parts are 
35 designated by like reference numerals throughout 
several views of the accompanying drawings. 

DETAILED DESCRIPTION OF THE INVENTION 

40 Referring now to the drawings, there is shown 

in Fig. 2, a multi-layer film forming apparatus Kl 
according to a first embodiment of the present 
invention. The apparatus Kl is based on monoch- 
romatic photometry. In Fig. 2, a multi-layer film 

45 having 19 layers is formed by the apparatus Kl. 
The apparatus K1 is characterized by a multi-layer 
filrn monitoring substrate 24 for measuring optical 
characteristics of a multi-layer film, initially, interior 
of, a vacuum chamber 10 is held in high vacuum 

50 state by an exhaust pump 11. Deposition material 
14 in a crucible 13 is heated for its fusion by an 
electron beam gun 12 so as to be evaporated. For 
e>i^mple, titanium dioxide (TiOa) is employed as 
the deposition material 14. Thus, evaporated par- 

55 tides 15 of the deposition material 14 proceed to a 
substrate 17 mounted on a lower face of a sub- 
sfa-ate holder 16 so as to form a thin film on the 
substrate 17. At this time, the evaporated particles 
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15 which have passed through an aperture 18 of 
the substrate holder 16, reach an optical film thick- 
ness monitoring substrate 19 so as to form a thin 
film on the thickness monitoring substrate 19. Lil<e- 
wise, the evaporated particles 15 reach the film 
monitoring substrate 24 so as to form a Ihin film on 
the film monitoring substrate 24. 

A bundle of rays of a specific wavelength is 
emitted from a light source 20 so as to be irradi- 
ated to the thickness monitoring substrate 19 and 
is reflected to a detector 21. Quantity of reflected 
light from the thickness monitoring substrate 19 
varies according to refractive Index and thickness 
of the thin film formed on the thickness monitoring 
substrate 19. When quantity of reflected light from 
the thickness monitoring substrate 19 has reached 
a predetermined value, a shutter 22 is closed so as 
to terminate deposition of the deposition material 
14 on the substrate 17 such that fonmation of the 
thin film of a first layer on the substrate 17 is 
completed. 

Upon completion of the thin film of the first 
layer on the substrate 1 7, the deposition material 
14 in the crucible 13 Is replaced by silicon dioxide 
(SiOz) and the thickness monitoring substrate 19 is 
also replaced by a new one by using an exchange 
mechanism 23. The deposition material 14 is heat- 
ed for its fusion by the electron beam gun 12 so as 
to be scattered as evaporated particles 15 such 
that a thin film of a second layer is formed on the 
substrate 17 by the evaporated particles 15. In the 
same manner as the thin film of the first layer, the 
evaporated particles 1 5 also proceed to the thick- 
ness monitoring substrate 19 so as to form a thin 
film on the thickness monitoring substrate 19. By 
measuring reflected light from the thickness moni- 
toring substrate 19, the thin film of the second 
layer having a predetermined thickness can be 
obtained. 

In contrast with the thickness monitoring sub- 
strate 19, the film monitoring substrate 24 is held at 
a specific position after fornnation of the thin filnn of 
the first layer. Therefore, the thin film of the second 
layer is formed on the thin film of the first layer on 
the film monitoring substrate 24 and thus, a multi- 
layer film having two layers is fomied on the film 
monitoring substrate 24. For example, when a bun- 
dle of rays emitted from the light source 20 is 
caused to be incident upon the film monitoring 
substrate 24 and a reflected light from the film 
monitoring substrate 24 is measured by an optical 
characteristics evaluator 25, spectral characteristics 
of this multi-layer film can be determined. When a 
multi-layer film having, e.g.. 10 layers has been 
formed on the film monitoring substrate 24 by 
repeating the above described operation 10 times, 
spectral characteristics of the multi-layer film are 
obtained as shown by the broken line of Rg. 3. In 



the graph of Fig. 3, the abscissa represents 
wavelength expressed in nm, while the ordinate 
represents quantity of reflected light expressed in 
an arbitrary unit. Spectral characteristics of the 

5 multi-layer film illustrated by the broken line in Fig. 
3 have a maximum quantity of reflected light at a 
wavelength of about 570 nm. 

Generally, such a multi-layer film is called a 
"dichroic film" and exhibits various colors by ar- 

10 bitrariiy setting a wavelength giving a maximum 
value of quantity of reflected light, etc. It is said 
that accurate control of position of such a 
wavelength is vital to the dichroic film. However, 
refractive index and thickness of the laminated thin 

JS films vary according to errors in control of thick- 
ness of the thin film and minute scatters of deposi- 
tion conditions, etc. Accordingly, optical character- 
istics of the multi-layer film usually deviate from 
target optical characteristics each time the multi- 

20 layer film is formed. Then, when a multi-layer film 
having 1 0 layers has been formed under the same 
film forming conditions as those of the multi-layer 
film of the broken line of Fig. 3 so as to obtain the 
same optical characteristics as the optical char- 
as acteristics of the broken line of Fig. 3 by setting the 
optical characteristics of the broken line of Fig. 3 
as the target optical characteristics, optical char- 
acteristics of the multi-layer film are obtained as 
shown by the solid line of Fig. 3. Therefore, the 

30 optical characteristics of the former multi-layer film 
deviate from those of the latter multi-layer film as 
shown by the broken line and the solid line of Fig, 
3. When amount of deviation bietween the optical 
characteristics of the former multi-layer film and 

35 those of the latter multi-layer film is measured by a 
wavelength corresponding to a half of the maxi- 
mum quantity of reflected light, which is most 
important for the dichroic film generally, namely, a 
half-wavelength, the optical characteristics of the 

40 solid line of Fig. 3 deviate by about 5 nm from the 
target optical characteristics of the broken line of 
Rg. 3 rightwards. 

Therefore, if formation of a thin film is contin- 
ued merely based on conventional control of a 

45 single-layer film, optical characteristics of the final 
multi-layer film having 19 layers will further deviate 
from target optical characteristics, thereby resulting 
in their deterioration. 

Therefore, in the pre_sent invention, at stages 

so prior to formation of the final multi-layer having 19 
layers, spectral characteristics of a multi-layer film 
are measured so as to obtain their deviation from 
target spectral characteristics and refractive index 
and thickness of the subsequent multi-layer film 

ss are corrected such that spectral characteristics of 
the subsequent multi-layer film approximate to tar- 
get spectral characteristics of the subsequent 
multi-layer film. One example is given in which 
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correction operation is performed from a muiti-layer 
fUm having 10 layers. Initially, when the multi-layer 
film having 10 layers has been formed on the film 
monitoring substrate 24, quantity of reflected light 
from the film monitoring substrate 24 is measured 
for each wavelength by the optical characteristics 
evaluator 25 and its deviation from a target value of 
the multi-layer film having 10 layers is obtained by 
a computer 26. Then, by performing computation in 
which refractive index and thickness of each of thin 
films of an 11th layer to a 19th layer are, respec- 
tively, shifted from preset values such that amount 
of the deviation from the target value is reduced, 
refractive index and thickness of the thin film of the 
11th layer are determined. By setting the thus 
obtained refractive index and thickness of the thin 
film of the 11th layer as target values of the thin 
film of the 1 Uii layer, the thin film of the t«h layer 
is formed on the 10-layer film on the film monitor- 
ing substrate 24. Such an operation is repeated 
until completion of formation of the IQ-layer film 
and thus, optical characteristics of the 19-layer film 
are obtained as shown in Fig. 4. In Fig. 4, the solid 
tine denotes experimental value, while the broken 
line denotes target value. It is seen from Fig. 4 that 
the experimental optical characteristics (solid line) 
of the 19-layer film substantially coincide with the 
target optical characteristics of the broken line at a 
half-wavelength of not more than about 1 nm, so 
that remarkably highly accurate and excellent op- 
tical characteristics of the multi-layer film ar© ob- 
tained. 

In this embodiment, quantity of reflected light 
from the film monitoring substrate 24 is measured. 
However, it may be also so arranged that quantity 
of light transmitted through the film monitoring sub- 
strate 24 is measured. 

In addition to the conventional function of con- 
trolling a single-layer film, functions of monitoring 
and correcting optical characteristics of the multi- 
layer film are provided in the present invention. 
Therefore, in the present invention, since deviation 
of refractive index and thickness of each layer from 
their target values can be corrected, a highly ac- 
curate multi-layer film which it has been hitherto 
impossible to obtain can be formed quite easily, 
which is advantageous for practical use. 

Meanwhile, in this embodiment, optical char- 
acteristics of the multi-layer film are corrected from 
the thin film of the 10th layer. However, it is need- 
less to say that correction of optical characteristics 
may be performed from the thin film of the first 
layer. 

Furthermore, in this embodiment, in order to 
control thickness of the single-layer film, the device 
based on monochromatic photometry is used but 
may be replaced by an atomic absorption type film 
thickness monitor or a crystal type film thickness 



monitor. By using the multi-layer forming method 
of the present invention, an excellent multi-layer 
film can be obtained. 

Hereinbelow, a case is described in which 

5 thickness of a thin film of a 1 4th layer has sud- 
denly reduced by as much as 10 % from unknown 
cause in the final multi-layer film having 19 layers. 
Upon formation of this thin film of the 1 4th layer on 
the film monitoring substrate 24, the multi-layer film 

10 has spectral characteristics shown in Fig. 5. In Fig. 
5, the broken line represents target value, while the 
solid line represents measured value. In Fig. 5, 
half-wavelength of measured value of the solid line 
deviates by atiout 5 nm from that of target value of 

16 the broken line leftwards. Thus, it is anticipated that 
even if the subsequent layers are formed as per 
predetermined thicknesses, optical characteristics 
of the final mcrttt-tayer film having t9 layers deviate 
from target optical characteristics. Therefore, a de- 

20 viation of 5 nm is corrected by using thicknesses of 
the remaining 15th to 19th layers and thus, the final 
multi-layer film having 19 layers have optical char- 
acteristics shown In Fig. 6. In Fig. 6. the solid line 
represents target optical characteristics, while the 

25 broken line represents corrected optical character- 
istics. Fig. 6 shows that corrected optical char- 
acteristics of the broken line approximate to target 
optical characteristics of the solid line substantially 
and are quite excellent. 

30 As described above, even if thickness of one 
layer of the multi-layer film deviates from a target 
value, the deviation of thickness of the one layer 
from the target value is corrected by using thic- 
knesses of the subsequent layers such that optical 

35 characteristics of the final multi-layer film approxi- 
mate to target optical characteristics. Therefore, in 
accordance with the present invention, excellent 
optical characteristics of the final multi-layer film 
can be obtained, thereby resulting in great advan- 

40 tage for its mass production. 

In the apparatus K1 of Fig. 2, since the multi- 
layer film is formed on the substrate 17 by rotating 
the substrate holder 16, it is unavoidable to provide 
the film monitoring substrate 24 only at a central 

45 portion of the substrate holder 16. Hence, area of 
the substrate holder 16, in which the substrates 17 
can be provided, may be reduced. 

Meanwhile, in the apparatus Kl, a pair of mir- 
rors are additionally provided for causing light to be 

50 incident upon the film monitoring substrate 24 and 
guiding to the opfical characteristics evaluator 25 
reflected light from the film monitoring substrate 
24. As a result, a complicated optical system for 
the mirrors is also required to tie additionally pre- 
ss vided. 

Furthermore, in the apparatus Kl, since the 
thickness monitoring substrate 19 and the film 
monitoring substrate 24 deviate in position from 
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each other, thickness of a layer formed on the 
thickness monitoring substrate 19 may become 
minutely different from that of the film monitoring 
substrate 24. 

In order to further Improve the above described 
arrangement of the apparatus K1 , a multi-layer film 
forming apparatus K2 according to a second em- 
bodiment of the present Invention is provided as 
shown in Fig. 7. In the apparatus K2, a multi-layer 
film monitoring substrate 60 is provided below an 
optical film thickness monitoring substrate 64. As 
shown In Figs. 8(a) and 8(b), the film monitoring 
substrate 60 is formed by a semicircular glass 
member and overlaps an approximately half portion 
of the thickness monitoring substrate 64. The film 
monitoring substrate 60, needless to say, may also 
have a rectangular shape. 

Hereinbelow, an optical system for measuring 
spectral characteristics of the multi-layer film by 
using the film monitoring substrate 60 in the ap- 
paratus K2 Is described. A bundle of rays 62 emit- 
ted from a light source 61 is caused to be incident 
upon ttie film monitoring substrate 64 by a mirror 
63. A portion of incident light is reflected by the 
thickness monitoring substrate 64 and then, pro- 
ceeds to a detector 68 via mirrors 65 and 66 
through shielding of a portion of reflected light from 
the thickness monitoring substrate 64 by a light 
shielding plate 67. A portion of reflected light from 
the thickness monitoring substrate 64 is shielded 
by the light shielding plate 67 for the purpose of 
excluding reflected light from the film monitoring 
substrate 60. 

Meanwhile, light which has passed through the 
thickness monitoring substrate 64 is reflected by 
the multi-layer film fomied on the film monitoring 
substrate 60 and again passes through the thick- 
ness monitoring substrate 64 so as to proceed to 
an optical characteristics evaluator 69 through the 
mirror 65. At this time, reflected light from the 
thickness monitoring substrate 64 is shielded by 
the mirror 64 such that only reflected light from the 
film monitoring substrate 60 is detected by the 
optical characteristics evaluator 69. 

Since other constructions of the apparatus K2 
are similar to those of the apparatus K1, descrip- 
tion thereof is abbreviated for the sake of brevity. 

By using the optical system of the apparatus 
K2, the additional optical system for guiding light to 
the film monitoring substrate 24 in the apparatus 
K1 can be eliminated. Therefore, by merely provid- 
ing the film monitoring substrate 60 below the 
thickness monitoring substrate 64, spectral char- 
acteristics of the multi-layer film can be measured 
easily, which is quite advantageous for practical 
use. 

Furthemiore, in the apparatus K2, since the 
film monitoring substrate 60 is provided Iseiow the 



thickness monitoring substrate 64, reduction of 
area of the substrate holder, in which the sub- 
strates can be provided, and minute difference 
between thickness of a layer formed on the film 

5 monitoring substrate 60 and that of the thickness 
monitoring substrate 64 can be eliminated advanta- 
geously for practical use. 

When a multi-layer film having 19 layers in 
which a film of Ti02 has a thickness of about 100 

10 nm and a film of Si02 has a thickness of 40 nm are 
formed on the film monitoring substrate 60 by the 
apparatus K2 through control of optical film thick- 
ness, the multi-layer film has spectral characteris- 
tics shown in Fig. 9. In the graph of Rg. 9, the 

*s abscissa represents wavelength expressed in nm, 
while the ordinate represents quantity of reflected 
light expressed in an arbitrary unit. It is apparent 
from Fig. 9 that the multi-layer film having higher 
refractive index is obtained as the number of layers 

20 is increased. 

Accordingly, if the multi-layer film is formed by 
the apparatus K2, spectral characteristics of the 
multi-layer film can be measured simultaneously 
with control of optical film thickness easily, which is 

25 quite advantageous for practical use. 

In the apparatus K2, the mirror 66 and the light 
shielding plate 67 are provided for cancelling an 
overlap portion between reflected light from the 
film monitoring substrate 60 and reflected light 

30 from the thickness monitoring substrate 64. Even if 
the mirror 66 and the light shielding plate 67 are 
adjusted, for example, immediately prior to forma- 
tion of the multi-layer film by using the thickness 
monitoring substrate 60 and the film monitoring 

35 substrate 64, such an undesirable phenomenon 
may take place that when the film monitoring sub- 
strate 60 or the thickness monitoring substrate 64 
is inclined only slightly due to vibrations during 
formation of the multi-layer film, light from the 

40 thickness monitoring substrate 64 will be incident 
upon the optical characteristics evaluator 69 or light 
from the film monitoring substrate 60 will be in- 
cident upon the detector 68. so that excellent op- 
tical measurement cannot be performed. 

•« In order to eliminate the above described pos- 
sibility in the apparatus K2, a multi-layer film for- 
ming apparatus K2(1 ) which is a first modification 
of the apparatus K2 is provided as shown in Fig. 
10. In Fig. 10, a multi-layer film monitoring sub- 
so strate 92 is inclined through an angle e relative to 
an optical film thickness monitoring substrate 91. 
Therefore, reflected light from the thickness moni- 
toring substrate 91 and reflected light from the film 
monitoring substrate 92 angularly deviate from 

55 each other and thus, a region having no overlap 
between reflected light from the thickness monitor- 
ing substrate 91 and reflected light from the film 
monitoring substrate 92 can be obtained. Accord- 
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ingly, if reflected light from the thickness monitor- 
ing substrate 91 and reflected light from the film 
monitoring substrate 92 are separated and mea- 
sured in this region, reflected light from the thick- 
ness monitoring substrate 91 and reflected light 
from the film monitoring substrate 92 can be sepa- 
rated and detected efficiently. 

Generally, since the optical characteristics 
evaluator 69 and the detector 68 are spaced about 
100 cm from the film monitoring substrate 92 and 
the thickness monitoring substrate 91, respectively, 
a gap of about 3 mm which is sufficiently large for 
separating reflected light from the film monitoring 
substrate 92 and reflected light from the thickness 
monitoring substrate 91 is defined therebetween. 
Meanwhile, since the film monitoring substrate 92 
is inclined relative to the thickness monitoring sub- 
strate 91, thickness of one layer formed on the 
thickness monitoring substrate 91 becomes dif- 
ferent from that of the film monitoring substrate 92. 
However, if the angle fl is set to 1 • , difference in 
film thickness assumes mere about 0.02 % or less, 
which offers no problem for practical use. 

Accordingly, in the apparatus K2(1), if the film 
monitoring substrate 92 is inclined through an an- 
gle e of 0.2 to 1 • relative to the thickness monitor- 
ing substrate 91. reflected light from the thickness 
monitoring substrate 91 and reflected light from the 
film monitoring substrate 92 can be separated from 
each other easily. 

In the apparatus K2, such a phenomenon as 
shown in Fig. 11 may take place. In Fig. 11. the 
curve 101 shows spectral characteristics of the 
multi-layer film formed by a prior art multi-layer 
forming apparatus in which the film monitoring sub- 
strate 60 is not provided, while the cun/e 102 
shows spectral characteristics of the multi-layer 
film formed at the same optical film thickness as 
that of the curve 101 by the apparatus K2 provided 
with the film monitoring substrate 60. The curve 
102 greatly deviates rightwards due to a large 
difference of optical film thickness of the multi- 
layer film from the target optical film thickness. The 
present inventors have found that this phenomenon 
is caused by the fact that an edge portion of the 
thin film formed on the Uiickness monitoring sub- 
strate, which confronts an outer peripheral portion 
of the film monitoring substrate, becomes quite 
thin, namely, wane of thickness of the thin film on 
the thickness monitoring substrate. Namely, as 
shown in Fig. 12, when a thin film is formed on an 
optical film thickness monitoring substrate 115 by 
evaporated particles 110, a multi-layer film monitor- 
ing substrate 1 1 1 prevents the evaporated particles 
110 from reaching the thickness monitoring sub- 
strate 115 and thus, a portion of the thin film 
adhering to the thickness monitoring substrate 115 
becomes thin as a waning thickness portion 112. 



Therefore, the thin film on the thickness monitoring 
sutistrate 115 includes the waning thickness portion 
112 and the remaining normal thickness portion 
having a predetermined thickness. Since light is 

s irradiated also to this waning film thickness portion 
1 1 2, both reflected light from the normal thickness 
portion and reflected light from the waning thick- 
ness portion 112 are used for measurement. 

In order to obtain the multi-layer film having the 

w target optical film thickness at high reproducibility 
by shielding reflected light from the waning thick- 
ness portion 112, a multi-layer film forming appara- 
tus K2(2) which is a second modification of the 
apparatus K2 is provided as shown in Fig. 12. In 

IS the apparatus K2{2), the thickness monitoring sub- 
strate 115 and the film monitoring substrate 111 
are provided in a vacuum chamber 114. Light 113 
is irradiated to Vne thickness monitoring substrate 
115 and the film monitoring substrate 111 so as to 

20 be reflected as reflected light 116 and reflected 
light 117, respectively. In order to shield reflected 
light from the waning thickness portion 112 of the 
thin film on the thickness monitoring substrate 115. 
a light shielding plate 118 is provided. As a result. 

25 it is possible to obtain high-quality light from which 
unnecessary light from the waning thickness por- 
tion 112 of the thin film on the thickness .monitoring 
substrate 115 has been cancelled. 

Meanwhile, in the apparatus K2(2). not only the 

30 reflected light 116 from the thickness monitoring 
substrate 116 but the reflected light 117 from the 
film monitoring substrate 111 is shielded by the 
light shielding plate 118. This is because the re- 
flected light 117 from the film monitoring substrate 

35 111 includes an unnecessary light portion, which 
has passed through the waning thickness portion 
112 and is reflected by the film monitoring sub- 
strate 111. 

In the apparatus K2(2), since the light shielding 

40 plate 118 is provided, spectral characteristics 103 
identical with the spectral characteristics 101 In 
which the film monitoring substrate 111 is not pro- 
vided can be obtained as shown in Rg. 11 and 
thus, the multi-layer film has the target optical film 

45 thickness. 

When the multi-layer film is formed by the 
apparatus K2 by setting the substrate to normal 
temperature, signal of detection of reflected light 
frpm the thickness monitoring substrate 64 by the 

50 detector 68 contains substantially no noise as 
§hown in Fig. 13. However, when the multi-layer 
film is formed by the apparatus K2 by heating the 
substrate to high temperatures of 200 to 300 -C, 
noises in the above signal increase considerably. 

55 At friis time, since an optical window 134 of Fig. 14 
is heated to rather high temperatures, air above the 
optical window 134 is heated by the optical window 
134 so as to fluctuate an optical path of reflected 
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light from the thickness monitoring substrate 64, 
thereby resulting in production of the noises in the 
signal. 

In order to prevent such a phenomenon in the 
apparatus K2, a multi-layer forming apparatus K2(3) 
which is a third modification of the apparatus K2 is 
provided as shown in Rg. 14. As shown in Fig. 14, 
a light shielding plate 135 is disposed in a vacuum 
chamber 133 in the apparatus K2(3). By this ar- 
rangement of the apparatus K2(3), distribution 132 
of reflected light from the thickness monitoring 
substrate 64 is partially shielded by the light shield- 
ing plate 134 but does not change after reflected 
light from the thickness monitoring substrate 64 
has been emitted into atmosphere from the optical 
window 134. Therefore, optical power transmitted 
to a detector 136 does not vary. As a result, even if 
the multi-layer film is formed by heating the sub- 
strate to high temperatures of 200 to 300 'C. 
stable signal can be obtained as shown in Fig. 15. 

In order to further reduce noises in a signal 
transmitted to the detector 136 in the apparatus 
K2(3). a multi-layer film forming apparatus K2(4) 
which is a fourth modification of the apparatus K2 
is provided as shown in Figs. 16(a) and 16(b). 
Namely, in order to prevent fluctuations of the 
optical path of reflected light from the thickness 
monitoring substrate 64 due to heating of the op- 
tical window 134 to high temperatures, a cooling 
tube 163 for cooling an optical window 162 is 
provided in the apparatus K2(4) such that cooling 
water is circulated through the cooling tube 162. 
The cooling tubs 162 cools the surface of the 
optical window 162 so as to reduce fluctuations of 
air above the optical window 162. When cooling 
water of about 20 'C is circulated through the 
cooling tube 163, the surface of the optical window 
162 is cooled to as low as about 70 'C and thus, 
noises in the signal are cancelled substantially as 
shown in Fig. 17. Signal noises in Fig. 17 are 
reduced more than those in Fig. 15 and have 
quality substantially identical with that of a case in 
which the multi-layer film is formed at normal tem- 
perature without the light shielding plate. 

In the apparatus K2(4), since the optical win- 
dow 162 is cooled by the cooling tube 163, fluc- 
tuations of air above the optical window 162 are 
restrained, so that distortion of the optical path of 
reflected light from the thickness monitoring sub- 
strate 64 is lessened considerably and thus, noises 
in the signal are eliminated greatly. 

Accordingly, in the apparatus K2(4), even when 
the multi-layer film is formed at high temperatures 
of 200 to 300 'C, control of the optical film thick- 
ness of the thin film can be performed accurately 
simultaneously with measurement of spectral char- 
acteristics of the multi-layer film. 



In accordance with the present invention, the 
highly accurate multi-layer film can be formed easi- 
ly at high reproducibility. 

5 Claims 

1. An apparatus (K1, K2) for forming a multi-layer 
film, comprising: 

a thickness control means (19, 20, 21) for 
10 controlling a thickness or an optical film thick- 

ness of each of layers of the multi-layer film; 

a multi-layer film monitoring substrate (24) 
on which the multi-layer film is formed; 

a measurement means (25) for measuring 
J 5 optical characteristics of the multi-layer film 

formed on said multi-layer film monitoring sub- 
strate (24); and 

a processing means (26) which processes 
results obtained by said measurement means 
20 (25) so as to feed the processed results back 
to said thickness control means (1 9, 20, 21 ). 

2. A method of forming a multi-layer film having 
N layers (N = natural number), comprising the 

25 steps of: 

forming the multi-layer film up to L layers 
(L = natural number<N) while controlling thic- 
knesses of the L layers to respective preset 
values by a thickness control means (19, 20, 

30 21); 

measuring optical characteristics of the L 
layers formed on a multi-layer film monitoring 
substrate (24) so as to determine a deviation of 
the measured optical characteristics of the L 
35 layers from target optical characteristics of the 

L layers; 

performing a computation in which thic- 
knesses of (L+1)-th to N-th layers of the multi- 
layer film are shifted from respective predeter- 

40 mined values such that the deviation of the 
measured optical characteristics of the L layers 
from the target optical characteristics of the L 
layers is reduced; and 

forming the (L+1)-th layer of the multi- 

45 layer film by feeding back to the thickness 

control means (19, 20, 21) a thickness of Mns 
(L + 1)-th layer obtained by the computation. 

3. An apparatus (K1 , K2) for forming a multi-layer 
so film, comprising: 

a vacuum chamber (10) In which the multi- 
layer film is formed; 

an optical film tiiickness monitoring sub- 
strate (19) on which each of layers of the multi- 
55 layer film is formed; 

a replacement means (23) for replacing 
said optical film thickness monitoring substrate 
(19) by a new one for each of the layers of the 
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multi-layer film; 

a light source (20) for irradiating light onto 
said optical film thickness monitoring substrate 
(19): 

an optical window (134) for guiding into s 
said vacuum chamber (10) the light emitted 
from said light source (20); 

a thickness control means (21) which mea- 
sures a quantity of reflected light from each of 
the layers of the multi-layer film formed on ro 
said optical film thickness substrate (19) so as 
to control an optical film thickness of each of 
the layers of the multi-layer film; 

a multi-layer film monitoring substrate (24) 
on which the multi-layer film is formed; js 

a measurement means (25) for measuring 
spectral characteristics of the multi-layer film 
formed on said mul«.-!ayer film monttoring sub- 
strate (24); and 

a processing means (26) which processes zo 
results obtained by said measurement means 
(25) so as to feed the processed results back 
to said thickness control means (21 ). 



7. An apparatus (K2(2)) as claimed in Claim 4, 
further comprising: 

a light shielding plate (116) for shielding 
reflected light from a waning thickness portion 
(1 1 2) of each of the layers of the multi-layer 
film on said optical film thickness monitoring 
substrate (115) and light which is reflected 
from the multi-layer film on said multi-layer 
film monitoring substrate (111) after having 
passed through the waning thickness portion 
(112) of each of the layers of the multi-layer 
film on said optical film thickness monitoring 
substrate (115). 

8. An apparatus (K2(3)) as claimed in Claim 7, 
wherein said light shielding plate (135) is pro- 
vided in said vacuum chamber (1 33). 

9. An apparatus (K2(4)) as claimed in Claim 3, 
further comprising: 

a cooling means (163) for cooling said 
optical window (162). 



An apparatus (K2) as claimed in Claim 3, 25 
wherein said multi-layer film monitoring sub- 
strate (60) is disposed below said optical film 
thickness monitoring substrate (64). 



A method of measuring optical characteristics 30 
of a multi-layer film, comprising the steps of: 

irradiating a bundle (62) of rays to an 
optical film thickness monitoring substrate (64) 
having each of layers of the multi-layer film 
formed thereon and a multi-layer film monitor- 35 
ing substrate (60) having the multi-layer film 
formed thereon; 

said multi-layer film monitoring substrate 
(60) being disposed below said optical film 
thickness monitoring substrate (64); 40 

separating the bundle (62) of rays into a 
first bundle of rays reflected from each of the 
layers of the multi-layer film on said optical 
film thickness monitoring substrate (64) and a 
second bundle of rays reflected from the multi- 4S 
layer film on said multi-layer film thickness 
monitoring substrate (60); and 

measuring a quantity of reflected light from 
each of the layers of the multi-layer film by 
using the first bundle of rays and spectral so 
characteristics of the multi-layer film by using 
the second bundle of rays. 



An apparatus (K2(l)) as claimed in Claim 4, 
wherein said multi-layer film monitoring sub- 55 
strata (92) is inclined relative to said optical 
film thickness monitoring substrate (91). 
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Fig. 8(a) 
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Fig. 15 
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Fig. 15 
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